abbreviatioNS ACDF = anterior cervical discectomy and fusion; BMI = body mass index; CCI = Charlson Comorbidity Index; ILPMP = Illinois Prescription Monitoring Program; OME = oral morphine equivalent; TLIF = transforaminal lumbar interbody fusion; VAS = visual analog scale. obJective Little is known about the accuracy of reporting of preoperative narcotic utilization in spinal surgery. As such, the purpose of this study is to compare postoperative narcotic consumption between preoperative narcotic utilizers who do and do not accurately self-report preoperative utilization. methodS Patients who underwent anterior cervical discectomy and fusion, minimally invasive lumbar discectomy, or minimally invasive transforaminal lumbar interbody fusion procedures between 2013 and 2014 were prospectively identified. The accuracy of self-reporting preoperative narcotic consumption was determined utilizing the Illinois Prescription Monitoring Program. Total inpatient narcotic consumption during postoperative Days 0 and 1 was compared according to the demographics and preoperative narcotic reporting accuracy. Similarly, the proportion of patients who continued to be dependent on narcotic medications at each postoperative visit was compared according to the demographics and preoperative narcotic reporting accuracy. reSultS A total of 195 patients met the inclusion criteria. Of these, 25% did not use narcotics preoperatively, while 47% and 28% did do so with accurate and inaccurate reporting, respectively. Patients who used narcotics preoperatively were more likely to demonstrate elevated inpatient narcotic consumption (adjusted RR 5.3; 95% CI 1.4-20.1; p = 0.013). However, such patients were no more or less likely to be dependent on narcotic medications at the first (p = 0.618) or second (p = 0.798) postoperative visit. Among patients who used narcotics preoperatively, no differences were demonstrated in terms of inpatient narcotic consumption (p = 0.182) or narcotic dependence following the first (p = 0.982) or second (p = 0.866) postoperative visit according to the self-reported accuracy of preoperative narcotic utilization. The only preoperative factors that were independently associated with elevated inpatient narcotic consumption were workers' compensation status and procedure type. The only preoperative factors that were independently associated with narcotic dependence at the first postoperative visit were female sex, workers' compensation status, and procedure type. The only preoperative factor that was independently associated with narcotic dependence at the second postoperative visit was procedure type. coNcluSioNS The findings suggest that determining the actual preoperative narcotic utilization in patients who undergo spine surgery may help optimize postoperative pain management. Approximately 75% of patients used narcotics preoperatively. Patients who used narcotics preoperatively demonstrated significantly higher inpatient narcotic consumption, but this difference did not persist following discharge. Finally, postoperative narcotic consumption (inpatient and following discharge) was independent of the self-reported accuracy of preoperative narcotic utilization. Taken together, these findings suggest that corroboration between the patient's self-reported preoperative narcotic utilization and other sources of information (e.g., family members and narcotic registries) may be clinically valuable with respect to minimizing narcotic requirements, thereby potentially improving the management of postoperative pain.
T he utilization of narcotics for musculoskeletal pain in the United States has increased over the last several decades. From 1980 to 2000, the percentage of patients prescribed narcotics for acute and chronic musculoskeletal pain increased by 3% and 8%, respectively. 3 An analysis of 26,014 patients suffering from low-back pain demonstrated that 15,830 (61%) patients were prescribed at least 1 narcotic medication during the year of the study period. 7 Complications associated with narcotic utilization in pain management include altered mental status (delirium), respiratory depression, pruritus, urinary retention, and gastrointestinal dysfunction (nausea, vomiting, ileus). 14 Additionally, narcotic utilization has been demonstrated to be a potential risk factor for poor clinical and psychosocial outcomes following spine surgery. 1, 11 Achieving optimal pain control and clinical outcomes, while minimizing opioid-related adverse drug events, remains a constant challenge for clinicians.
It is helpful for the treatment team to understand if a patient is preoperatively utilizing narcotics in order to optimize postoperative pain management and minimize the side effects of narcotic analgesia. The most intuitive way for a treatment team to determine if a patient is taking preoperative narcotics is to ask the patient. However, little is known about the accuracy of self-reported narcotic utilization. The purpose of this study is to determine what proportion of patients accurately self-report preoperative narcotic utilization and, among patients who use narcotics preoperatively, to compare postoperative narcotic consumption between patients who do and do not accurately report preoperative utilization.
methods patient population
Institutional review board approval was obtained. All patients who underwent primary anterior cervical discectomy and fusion (ACDF) procedures, minimally invasive lumbar discectomy procedures, or minimally invasive transforaminal lumbar interbody fusion (TLIF) procedures between 2013 and 2014 by a single surgeon (K.S.) were eligible for the study. Because patients were scheduled for surgery, they were included in the study registry and followed prospectively. The registry was maintained by research assistants and included all prospectively collected preoperative, intraoperative, and postoperative data. All patients were asked during their preoperative appointments if they had specifically consumed any narcotics or pain medications during the previous year. Concurrently, the 12 prior months of data in the Illinois Prescription Monitoring Program (ILPMP) were searched to determine if patients had filled prescriptions during that time. Based upon their self-report and ILPMP record, the patients were categorized into 1 of 3 groups: if the patient's self-report was negative and the registry record was negative, the patient was categorized as a nonutilizer; if the patient's self-report was positive, the patient was categorized as a utilizer with accurate reporting; or, if the patient's self-report was negative but the registry record was positive, the patient was categorized as a utilizer with inaccurate reporting.
data collection
After scheduling the patients for surgery, data were prospectively collected regarding demographics, comorbidity burden, body mass index (BMI), preoperative visual analog scale (VAS) pain scores, payer status, and type of procedure (ACDF vs minimally invasive lumbar discectomy vs minimally invasive TLIF). Patient comorbidity was assessed utilizing a modified Charlson Comorbidity Index (CCI). 5 These modifications included 1) omitting the history of myocardial infarction, 2) adjusting liver disease to have a weight of 2 points for mild disease and 3 points for moderate to severe liver disease, and 3) omitting the age component so that age could be analyzed independently in the multivariate regression. Previous studies have demonstrated that slight modifications to CCI have minimal impact on the overall performance of the scoring system. 5, 6 Any intraoperative complications (e.g., iatrogenic nerve root injury, battered nerve root, or dural violation) were recorded.
Following discharge, narcotic consumption during the inpatient stay was recorded. The consumption of each narcotic was converted to oral morphine equivalents (OMEs) utilizing the conversion ratios by Gordon et al. 8 The sum of the OME values on postoperative Days 0 and 1 was used as a primary outcome.
Patients typically had their first and second postoperative visits at 4 to 6 weeks and 8 to 12 weeks following surgery, respectively. For all patients, the electronic health records were queried to record any prescriptions for narcotic medications provided at the first or second postoperative visit. In addition, ILPMP was searched at least 3 months following the first and second postoperative visits to determine if the patients had filled any prescriptions for narcotic medications following each visit. Patients were considered dependent on narcotic medication if they either had been prescribed or had filled any prescriptions for narcotic medications at or following the first or second postoperative visit.
analysis
The distribution of total postoperative narcotic consumption was examined and found to be nonnormal. For the purposes of this analysis, the 75th percentile of narcotic consumption was determined, and patients who consumed greater than the 75th percentile were categorized as having elevated postoperative narcotic consumption.
Statistical comparisons were made utilizing Poisson regression with robust error variance. All comparisons were first made without adjustment (bivariate analyses), and then with adjustment (multivariate analyses) for the following preoperative characteristics: age, sex, race, workers' compensation status, BMI, modified CCI, VAS, and procedure type. A p value < 0.05 was considered statistically significant.
First, among all patients, all preoperative characteristics were tested for associations with preoperative narcotic utilization. Second, among only patients with preoperative narcotic utilization, all preoperative characteristics were tested for associations with inaccurate reporting. Third, among all patients, all preoperative characteristics were tested for associations with elevated inpatient narcotic consumption and continued narcotic dependence at the first and the second postoperative visits. Fourth, among all patients, preoperative narcotic utilization was tested for associations with inpatient narcotic consumption and continued narcotic dependence at the first and second postoperative visits. Fifth, among only patients with preoperative narcotic utilization, the accuracy of reporting was tested for associations with inpatient narcotic consumption and continued narcotic dependence at the first and second postoperative visits. Finally, elevated inpatient narcotic consumption was tested for associations with continued narcotic dependence at the first and second postoperative visits.
results patient population
A total of 195 patients met the inclusion criteria. Fortythree (22%) of these patients underwent ACDF, 78 (40%) underwent lumbar discectomy, and 74 (38%) underwent TLIF. The demographics of the study population are provided in Table 1 . There were no intraoperative complications among the patient population.
preoperative Narcotic utilization
Among all patients, 49 (25%) did not use narcotics preoperatively, while 91 (47%) and 55 (28%) did do so with accurate and inaccurate reporting, respectively ( Table  2 ). The only preoperative factor that was associated with preoperative narcotic utilization was workers' compensation status: 69% of patients without workers' compensation status used narcotics preoperatively, while 87% of patients with workers' compensation status used narcotics preoperatively (adjusted RR 1.3; 95% CI 1.1-1.6; p < 0.001; Table 3 ). Among only patients who used narcotics preoperatively (148 patients), there were no preoperative factors associated with accurate versus inaccurate reporting (unadjusted and adjusted p > 0.05; results not shown).
inpatient Narcotic consumption
The 75th percentile of inpatient narcotic consumption was 132.5 mg OMEs (Fig. 1) . The only preoperative factors that were independently associated with elevated inpatient narcotic consumption were workers' compensation status and procedure type: 17% of patients without workers' compensation status had elevated inpatient narcotic consumption, while 42% of patients with workers' compensation status had elevated inpatient narcotic consumption (adjusted RR 1.8; 95% CI 1.1-3.1; p = 0.031; Table 4 and Fig. 2A) ; 21% of patients undergoing ACDF, 5% of patients undergoing lumbar discectomy, and 50% of patients undergoing TLIF had elevated inpatient narcotic consumption (adjusted p < 0.001; Table 4 and Fig. 3A) . Patients who used narcotics preoperatively were more likely to have elevated inpatient narcotic consumption (adjusted RR 5.3; 95% CI 1.4-20.1; p = 0.013; Fig. 4A ). Among only patients who used narcotics preoperatively, there was no difference in inpatient narcotic consumption according to the accuracy of reporting (adjusted p = 0.182; Fig. 5A ).
continued Narcotic dependence at the First postoperative visit
In total, 29% of patients continued to be dependent on narcotic medications at the first postoperative visit. The only preoperative factors that were independently associated with dependence were sex, workers' compensation status, and procedure type: 28% of males and 30% of females continued to be dependent on narcotic medications (adjusted RR 0.6; 95% CI 0.4-1.0; p = 0.032; Table 4 ); 48% of patients with workers' compensation status were dependent, while 19% of patients without workers' compensation status were dependent (adjusted RR 2.1; 95% CI 1.3-3.5; p = 0.004; Table 4 and Fig. 2B) ; 26% of patients undergoing ACDF, 9% of patients undergoing lumbar discectomy, and 50% of patients undergoing TLIF continued to be dependent (adjusted p = 0.001; Table 4 and Fig. 3B ). There was no difference in narcotics dependence according to preoperative narcotic utilization (adjusted p = 0.618; Fig. 4B ). Among only patients who used narcotics preoperatively, there was no difference in narcotic dependence according to the accuracy of reporting (adjusted p = 0.982; Fig. 5B ). Patients whose inpatient narcotic consumption was elevated were more likely to demonstrate narcotic dependence (unadjusted RR 2.5; 95% CI 1.7-3.8; p < 0.001); however, this difference did not persist following adjustment (adjusted p = 0.446; Fig. 6A ).
continued Narcotic dependence at the Second postoperative visit In total, 18% of patients continued to be dependent on narcotic medications following the second postoperative visit. The only preoperative factor that was independently associated with dependence was the procedure type: 14% of patients undergoing ACDF, 6% of patients undergoing lumbar discectomy, and 34% of patients undergoing TLIF remained dependent (adjusted p = 0.028; Table 4 and Fig.  3C ). Of note, workers' compensation payment status was not associated with dependence (p = 0.224; Table 4 and Fig. 2C ) There was no difference in narcotics dependence according to preoperative narcotic utilization (adjusted p = 0.798; Fig. 4C ). Among only patients who used narcotics preoperatively, there was no difference in the proportion of patients who continued to be dependent according to the accuracy of reporting (adjusted p = 0.866; Fig. 5C ). Patients who demonstrated elevated inpatient narcotic consumption were more likely to demonstrate narcotic dependence (unadjusted RR 3.2; 95% CI 1.8-5.7; p < 0.001); however, this difference did not persist following adjustment (adjusted p = 0.170; Fig. 6B ).
discussion
The literature documents a close association between the chronic utilization of narcotics, inadequate pain management, and suboptimal surgical outcomes. 4, 9, 12, 15 Accordingly, the accurate identification of patients who use narcotic medications prior to spine surgery may help ensure proper recovery and expedite narcotic independence.
In our analysis, patients who used preoperative narcotics had significantly higher inpatient narcotic requirements than opioid-naive patients. This finding is consistent with previous studies characterizing increased narcotic requirements in patients who used preoperative narcotics.
2,4,12 Rapp et al. compared the amount of opioids consumed via patient-controlled analgesia in the immediate postoperative period following urological, gynecological, orthopedic, and general surgical procedures. 12 The authors demonstrated that the mean morphine consumption was significantly higher in patients who used narcotics preoperatively than in those who did not (135.8 vs 42.8 mg, respectively). 12 Similarly, Chapman et al. demonstrated that patients who used narcotics prior to elective surgery experienced postoperative pain for a significantly longer period of time than patients who did not consume preoperative narcotics. 4 Interestingly, the association between preoperative narcotic utilization and elevated inpatient narcotic consumption did not persist following the first postoperative visit. Specifically, patients who used narcotics preoperatively were no more or less likely to be dependent on narcotic medications following the first or second postoperative visit. Similarly, elevated inpatient narcotic consumption was not an independent risk factor for continued narcotic dependence at the first or second postoperative visit.
Of the 195 spine surgery patients included in the present study, 75% used narcotics preoperatively and 28% inaccurately reported preoperative narcotics utilization at the initial preoperative visit. We had hypothesized that the inaccurate self-reporting of narcotic utilization may be a risk factor for higher postoperative narcotic consumption. However, inaccurate reporting was not a risk factor for increased inpatient or postoperative narcotic consumption. As noted, postoperative narcotic consumption was significantly higher in patients who used narcotics prior to surgery than in patients who did not. As such, a nonjudgmental and understanding approach by the surgeon and treatment team to verify the actual preoperative utilization of narcotics may help improve postoperative pain management and surgical outcomes.
Interestingly, procedure type was closely associated with postoperative narcotic consumption in both the inpatient and postdischarge settings. The TLIF patients were the most likely to demonstrate elevated postoperative narcotics consumption, while the lumbar discectomy patients were least likely. It is not surprising that the patients who underwent TLIF procedures consumed greater amounts of postoperative narcotics, as lumbar fusion procedures involve greater periosteal and osseous disruption than ACDF or lumbar discectomy procedures. Similarly, lumbar discectomy procedures involve the least amount of periosteal and osseous disruption of these 3 procedures, which may account for the findings.
In our analysis, workers' compensation payer status was identified as an independent risk factor for preoperative narcotic utilization, as well as increased postoperative narcotic consumption in both inpatient and postdischarge settings. Previous studies have highlighted the impacts of increased narcotic utilization on the populations receiving workers' compensation. 10, 13 Webster et al. analyzed the association between early narcotic utilization and clinical outcomes in 8443 patients with low-back pain receiving workers' compensation. 13 The authors found that patients who received higher dosages of narcotics (> 140 mg OMEs) were at significantly increased risk for prolonged disability, prolonged narcotics utilization, and higher medical costs. Similarly, Mahmud et al. demonstrated that patients who used narcotics for more than 7 days were at increased risk of prolonged disability. 10 The present study's findings may be attributed to differences in the mechanism of injury between patients receiving and those not receiving workers' compensation. It is plausible that patients receiving workers' compensation incurred more severe occupational-related injuries compared with the degenerative pathologies more often observed in the rest of the population. Regardless, physicians should be cognizant of the fact that workers' compensation patients, especially those who use narcotics preoperatively, may be at increased risk of slower weaning off of narcotic medications following surgery between the immediate postoperative period and the second postoperative visit.
This study has several limitations. First, preoperative narcotic utilization was not quantified: the amount of narcotics as well as the extent of opioid tolerance may have substantially varied among patients who used preopera- tive narcotics. Second, ILPMP monitoring of prescription medications is limited to 1 year. The actual duration of narcotic utilization may not have been accurately reflected if patients were prescribed medications more than 1 year before the date of surgery. Third, ILPMP documents only prescription medications: the illicit utilization of opioidcontaining medications could not be determined. In addition, ILPMP documents the filling of narcotic medications prior to surgery. The present study used this documentation as a proxy for the preoperative utilization of narcotics. However, it is possible that patients filled prescriptions but did not take the medication. Finally, all patients underwent spine surgery performed by a single surgeon. As a result, the generalizability of the findings to all surgeons in the country may be limited.
conclusions
Our findings suggest that determining the actual preoperative narcotic utilization in patients who undergo spine surgery may help optimize postoperative pain management. Approximately 75% of patients used narcotics preoperatively. Patients who used narcotics preoperatively demonstrated significantly higher inpatient narcotic consumption, but this difference did not persist following discharge. Finally, postoperative narcotic consumption (inpatient and following discharge) was independent of the self-reported accuracy of preoperative narcotic utilization. Taken together, these findings suggest that corroboration between the patient's self-reported preoperative narcotic utilization and other sources of information (e.g., family members and narcotic registries) may be clinically valu- 
